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Tomorrow's  Bounty 

Experts  disagree  about  whether  the  humid  tropics — a  generally 
impoverished  region  of  seemingly  lush  abundance — can  be 
exploited  to  help  feed  the  world's  burgeoning  population. 

Some  observers  all  but  dismiss  most  of  this  region  as  poten- 
tial farm  land.  They  contend  that  the  nutrients  are  limited  and 
concentrated  in  the  vegetation.  This  low  level  of  fertility  is  main- 
tained by  a  rapid  and  efficient  recycling  of  mineral  nutrients  be- 
tween plants  and  soil  under  a  dense  canopy  of  foliage  that  shields 
the  soil  from  driving  rain  and  searing  sun.  Expose  the  soil  to 
open  cultivation,  these  experts  say,  and  it  is  doomed.  The  heavy 
rains  and  heat  soon  leach  nutrients  and  oxidize  organic  matter. 

Other  observers  are  optimistic.  They  argue  that  the  tropics, 
like  the  temperate  regions,  are  too  varied  for  broad  generaliza- 
tions. For  example,  even  with  little  organic  matter,  record  crop 
yields  have  been  obtained  with  proper  fertilization,  water  con- 
trol, and  soil  management.  And  while  most  soils  in  the  humid 
tropics  are  infertile,  modern  agriculture  rarely  relies  upon  nat- 
ural fertility. 

Indeed,  present  agricultural  technology  and  management 
can  make  sizeable  portions  of  the  humid  tropics  arable.  In  the 
Philippines,  for  example,  scientists  have  grown  as  many  as  five 
crops  in  a  year.  And  the  intensive  management  systems  de- 
veloped by  ARS  scientists  in  Puerto  Rico  to  produce  more 
forage,  milk,  plantains,  and  sugarcane,  for  example,  provide 
further  evidence  of  what  today's  technology  can  achieve. 

But  a  concerted  effort  must  get  underway  before  the  tropics 
can  grow  food  in  abundance.  This  effort  would  benefit  from 
a  thorough  review  of  research  on  tropical  agriculture  conducted 
over  several  decades  by  former  colonial  powers;  much  of  this 
published  research  has  gone  unread.  Then  more  regional  re- 
search centers — there  are  only  a  few — need  to  be  established 
in  ecological  zones.  Since  vast  areas  of  the  tropics  have  similar 
soils  and  climates,  research  findings  could  be  widely  adapted. 
A  high  priority  research  need  is  the  breeding  of  locally  adapted 
crops  that  respond  to  chemical  fertilizers. 

Science  can  help  harness  the  resources  of  the  humid  tropics, 
a  region  of  favorable  rainfall,  sunlight,  and  temperature  and 
where  plants  grow  without  respite  the  year  around.  Despite  sub- 
stantial problems,  these  natural  advantages  are  too  important  to 
ignore  in  the  race  between  the  stork  and  the  plow. — R.P.K. 
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COVER:  The  cabbage  looper  larva — Tricho- 
plusia  ni — eats  its  way  through  a  soybean 
leaf.  Much  of  the  research  at  the  Bio- 
logical Control  of  Insects  Research  Unit 
is  aimed  at  controlling  this  and  other 
pests  of  soybeans  (0975X1786-23A) . 
Article  begins  on  page  8. 
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It  takes  only  1  part  of  the  food  gum — xanthan — in  100  parts  of  water  to  provide  a 
viscous  or  "thick"  solution.  Xanthan  gum,  developed  in  earlier  Northern  Laboratory 
research  and  used  commercially  in  foods  such  as  salad  dressings,  can  now  serve  in 
making  high-protein  batter  foods  {0975R1883-33) . 


for 

strength 
and 
elasticity 


New.  high-protein,  baked  foods 
made  by  cereal  chemists  from 
corn  or  wheat  starch  and  soybean  pro- 
tein depend  upon  a  food  gum  that  func- 
tions as  a  foam-forming  binder — as 
gluten  functions  in  bread. 

Xanthan  gum  gives  starch  doughs 
and  batters  the  strength  and  elasticity 
to  rise  bv  forming  foam  cells  and  ex- 
panding with  air  and  carbon  dioxide 
generated  by  yeast  or  leavening  agents 
such  as  baking  powder  or  soda. 

Studies  of  non-gluten  and  low-gluten 
doughs  and  batters  by  chemists  Donald 
D.  Christianson  and  Harold  ^  .  Gard- 
ner, of  the  Northern  Regional  Research 
Center,  indicate  that  xanthan  gum  and 
starch  form  a  foamed  matrix  that  hard- 
ens when  baked.  In  subsequent  flavor 
studies  by  home  economists  Kathleen  A. 
\^  arner  and  Brenda  K.  Boundv.  taste 
panel  members  did  not  detect  sov  flavor 
in  any  of  the  foods  tested  at  the  15  per- 
cent level  of  soy-protein  addition. 
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The  studies  demonstrate  that  xanthan 
gum  is  compatible  with  oilseed  pro- 
teins and  can  give  flexibility  in  formu- 
lating doughs  and  batters  to  meet  a 
range  of  individual  to  international 
food  needs. 

For  example,  the  gum  might  be  used 
in  baked  foods  for  persons  allergic  to 
gluten,  or  to  meet  growing  demand  for 
baked  foods  in  world  areas  where  bread 
wheats  are  not  grown.  It  might  be  used 
to  make  doughs  and  batters  from  all 
kinds  of  starch  or  from  nonbread  wheat 
flours. 

Xanthan  gum  might  also  be  used  in 
new  foods  made  nutritionally  complete 
with  ingredients  like  corn  germ  flour  or 
oilseed  proteins.  It  appears  especially 
promising  for  dough-like  batters  for 
fastfood  products  intermediate  to 
breads  and  cakes — pancakes,  ham- 
burger buns,  and  doughnuts,  for 
example. 
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Home  economist  Kathleen  A.  Warner  critiques  Dr.  Chris- 
tianson's  technique  as  he  slices  a  loaf  to  show  the  uniform 
texture  of  baked  goods  made  from  xanthan-starch  batters. 
The  dough-like  batters  can  be  molded  into  a  variety  of  loaf, 
bun,  and  roll  shapes  for  fast  food  products  (0975R1883-18) . 


Xanthan  gum  is  used  in  foods  to 
affect  physical  properties  such  as  pour- 
ability  in  salad  dressings.  Produced  by 
a  micro-organism  Xanthomonas  cam- 
pestris,  growing  on  glucose,  also  called 
corn  sugar,  the  gum  was  discovered  in 
earlier  research  at  the  Northern  Re- 
gional Research  Center. 

In  the  dough  studies,  Dr.  Christian- 
son  and  Dr.  Gardner  used  1.2  to  2.4 
parts  by  weight  of  xanthan  for  100 
parts  of  basic  formula.  Other  ingre- 
dients included  the  starch,  corn  oil,  dry 
milk  solids,  salt,  sugar,  yeast,  and  water. 

The  chemists  replaced  as  much  as  a 
fourth  of  the  starch  in  the  basic  formula 
with  an  equal  weight  of  soy  concentrate, 
73.8  percent  protein,  or  soy  isolate,  95 
percent  protein,  to  make  enriched 
doughs.  They  did  not  need  dough 
strengtheners  or  improvers  even  for  22- 
percent  protein  foods. 

Starch  doughs  without  xanthan  did 
not  rise  when  baked.  They  remained 
flat,  brittle,  and  coarse  textured. 

Doughs  made  of  wheat  starch  and 


xanthan  gum — even  those  with  protein 
added — baked  to  resilient  loaves  with 
smooth,  fluffy  textures.  Starch  foam- 
loaves  containing  soy  isolate  and  2.4 
percent  of  xanthan  compared  favorably 
in  volume,  lightness,  and  texture  to 
breads  baked  from  commercial  flours. 

Foam  loaves  containing  1.8  percent 
of  xanthan  had  irregular  sized  gas  cells 
and  coarse  texture.  Loaves  containing 
1.2  percent  of  xanthan  had  even  coarser 
textures  and  reduced  volume. 

Loaf  volume  fluctuated  more  and 
dropped  more  sharply  with  the  addition 
of  soy  concentrate  than  it  did  with  soy 
isolate. 

"Gelatinized  starch,  xanthan,  and 
soy  isolate  are  largely  hydrophilic  in- 
gredients," Dr.  Christianson  points  out. 
"This  ability  to  take  up  water  may  ac- 
count for  their  compatibility  in  doughs. 
We  expect  continuing  studies  to  show 
why  starch  is  so  free  to  take  up  water 
with  xanthan  and  how  this  improves 
compatibility  for  a  variety  of  dough  and 
batter  foods."  □ 


Above:  Ms.  Warner  holds  two  pans  of 
batter  that  attest  to  the  rising  ability 
of  xanthan  starch  batter.  Batter  on  the 
right  has  just  been  placed  in  the  baking 
pan;  the  unkneaded  yet  fully  risen  bat- 
ter on  left  was  placed  in  the  pan  just 
60  minutes  before  and  is  ready  for  the 
oven  (0975R1883-13).  Below:  The  vis- 
cosity and  stretchability  of  starch  batter 
containing  xanthan  gum  is  amply  dem- 
onstrated here  (0975R1882-18). 
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for  sixweeks  fescue 


Sixweeks  fescue — a  troublesome 
winter  annual  grass  that  causes 
ranchers  great  financial  loss — can 
now  be  controlled.  ARS  studies  on 
this  weedy  grass  got  underway  after 
ranchers  on  the  shortgrass  plains,  an 
area  that  extends  roughly  from  Mon- 
tana to  Texas  and  New  Mexico,  in- 
dicated that  one  of  their  greatest 
needs  was  control  of  sixweeks  fescue. 

Cattle  can  gain  100  pounds  less  dur- 
ing a  summer  when  sixweeks  fescue  is 
abundant.  At  today's  beef  prices,  that's 
about  a  $35  to  $40  loss  per  head. 

Because  cattle  dislike  that  plant  so 
much,  they  will  overgraze  bottomland 
ranges  rather  than  graze  upland 
ranges    where    sixweeks    fescue  is 


abundant.  Cattle  carefully  graze 
around  sixweeks  fescue  plants  and,  if 
they  accidentally  include  one  in  a 
bite,  they  drop  the  whole  mouthful. 
If  a  range  contains  too  much  six- 
weeks  fescue,  the  cattle  will  not  even 
graze  it  to  select  out  desirable  blue 
grama  grass. 

The  abundance  of  sixweeks  fescue 
varies  greatly  from  year  to  year. 
Above-average  precipitation  in  the 
spring  appears  to  promote  its  growth 
and  seed  production.  If  the  fall  also 
has  above-average  precipitation,  con- 
ditions are  ideal  for  seed  germination 
and  seedling  emergence,  creating  thick 
stands  the  next  year.  Records  at  the 
Central   Plains   Experimental  Range 


near  Nunn,  Colo.,  indicate  that  these 
conditions  occur  about  2  to  4  years 
out  of  every  10. 

Walter  R.  Houston  and  Donald  N. 
Hyder,  range  scientists  at  the  Crops 
Research  Laboratory,  Ft.  Collins, 
Colo.,  stated  that  herbicide  may  be 
applied  only  in  the  years  that  six- 
weeks  fescue  is  a  problem.  They  dis- 
covered that  1  pound  per  acre  of 
either  atrazine  or  simazine  applied 
either  in  fall  or  spring  effectively  con- 
trolled the  fescue.  The  herbicides  may 
be  applied  in  the  fall  if  the  stand  of 
sixweeks  fescue  is  thick  or  as  late  as 
in  May. 

Since  cool-season  grasses  such  as 
needle-and-thread  and  western  wheat- 
grass  are  susceptible  to  these  herbi- 
cides, the  scientists  in  their  experi- 
ments found  anything  above  these 
rates  was  detrimental. 

However,  these  herbicides  have  not 
been  cleared  by  the  Environmental  Pro- 
tection Agency  for  use  in  the  short- 
grass  plains. 

The  scientists  conducted  the  tests 
from  1970  through  1973  on  sandy 
loam  and  fine  sandy  loam  soils.  The 
average  annual  precipitation  is  about 
12  inches  at  Nunn,  with  about  9 
inches  occurring  during  the  growing 
season  of  May  through  September.  Q 


Lowering  the  mating  rate 


Mating  rates  can  be  used  to  meas- 
ure some  effects  of  gamma  radia- 
tion on  codling  moth  reproduction 
capabilities. 

Codling  moth  larvae  are  the  most 
destructive  pests  of  the  Nation's 
apple  crop.  The  larvae  also  infest 
pears,  English  walnuts,  and  other 
pome  and  stone  fruits  throughout  the 
world.  ARS  is  testing  the  use  of 
laboratory-reared  moths  sterilized  by 
exposure  to  gamma  radiation  as  a 
means  of  controlling  codling  moth  in- 
festations in  orchards. 

In  a  recent  study,  male  moths  ex- 
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posed  to  gamma  radiation  showed  a 
lower  mating  rate  than  untreated 
males. 

Female  mating  propensity  remained 
unchanged  when  exposed  to  0  to  15 
kilorads  of  gamma  radiation,  but  sur- 
passed the  mating  rate  of  untreated  fe- 
males when  treated  with  20  to  40 
kilorads. 

Entomologist  Robert  B.  Hutt, 
Yakima,  Wash.,  ran  more  than  100 
mating  trials,  using  moths  that  had 
been  treated  with  various  dosages  of 
gamma  radiation  and  untreated 
moths.  He  then  measured  responses  to 


irradiation  on  the  basis  of  mating 
propensities. 

Response  varied  with  respect  to  the 
age  of  the  moths,  length  of  time  of 
colonization,  gamma  ray  dosage,  dose 
rate,  and  sex. 

Mating  propensity  of  untreated 
male  moths  increased  up  to  the  third 
day  of  the  mating  period  and  then 
decreased.  Irradiated  males  followed 
the  same  pattern  but,  with  some  ex- 
ceptions, at  a  lower  rate  of  mating. 
Length  of  colonization  decreased  the 
mating  rate  of  both  treated  and 
untreated  male  moths.  fj 
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Storing  seeds 
for  a 
century 

A plant  geneticist  wears  many 
hats.  In  turn,  he  is  explorer, 
farmer,  sexologist,  and  antique  col- 
lector par  excellence.  He  explores 
and  gathers  new  and  old  varieties, 
sows,  harvests,  and  threshes,  breeds 
and  crossbreeds  succeeding  genera- 
tions of  plants  and.  finally,  he  can 
successfully  preserve  these  seeds  for 
posterity  as  germ  plasm  lines,  pools, 
or  mixtures. 

In  fact,  if  a  breeder  were  to  begin 
in  1975  to  properly  store  pearl  millet 
germ  plasm,  the  hereditary  material 
of  the  germ  cells,  scientists  predict 
that  his  collection  of  this  small- 
seeded  cereal  and  forage  grass  would 
be  viable  for  germination  in  the  year 
2075. 

At  Tifton,  Ga.,  70  percent  of  pearl 
millet  seeds  which  were  dried  to  less 
than  12  percent  moisture,  enclosed 
in  air-tight  containers,  and  stored  at 
5°  C  germinated  after  26  years. 
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Self -pollinated  single  introductions  of  S—l 
pearl  millet  seeds,  packed  in  their  own  air- 
tight and  moisture-vroof  containers,  will 
provide  germ  plasm  for  a  centennial  year 
to  come  (0975X1921-21). 

"Much  of  the  success  of  any  plant 
breeding  program  depends  on  the 
diversity  of  the  available  germ 
plasm,"  says  research  geneticist 
Glenn  W.  Burton  at  the  Georgia 
Coastal  Plain  Experiment  Station  in 
Tifton.  "Breeders  and  agencies  have 
been  developing  'world'  germ  plasm 
collections  for  many  crops,  but  a 
highly  cross-pollinated  crop  like 
pearl  millet  can  be  maintained  only 
in  storage  or  in  an  isolated  field." 

Attempts  to  maintain  variable  va- 
rieties by  repeated  selfing  (self-pol- 
lination) or  sibbing  (pollination  be- 
tween family-related  plants)  in  a 
nursery  row  invariably  result  in 
both  loss  of  vigor  and  genes. 

To  help  solve  this  problem,  germ 
plasm  pools  are  prepared  by  mixing 
together  a  number  of  introductions 
and  then  growing  the  mixture  in  iso- 
lation where  its  components  can  in- 
termate  naturally.  After  several  gen- 
erations the  germ  plasm  becomes  a 
useful  reservoir  of  plants  or  of  new 
lines  for  quantitative  genetic  studies, 
but  genes  are  lost. 

"We  believe  long-time  storage 
either  as  first-generation  inbred  lines 
or  mixtures  of  such  lines  is  the  only 
practical  way  to  preserve  pearl  mil- 
let germ  plasm  without  loss,"  says 
Dr.  Burton.  "Our  studies  indicate 
that  growing  several  generations  of 
a  germ  plasm  pool  of  a  cross-polli- 
nated crop  like  pearl  millet  usually 
narrows  the  phenotypic  variability 
of  the  original  pool — visible  traits 
like  dwarfness  or  hairiness  which 
help  characterize  a  plant.  The  germ 
plasm  pool  loses  genes  and  it  also 
obscures  characteristics  that  are 
hard  to  recover,  like  very  long  seed 
heads." 

These  disadvantages  were  appar- 
ent in  a  comparison  of  the  first  and 
the  last  generations  of  six  different 


Researchers  harvest  pearl  millet  seed 
heads  covered  to  prevent  cross- 
pollination.  Some  seeds  will  be  stored 

germ  plasm  pools  of  up  to  85  percent 
cross-pollinated  pearl  millet.  Penni- 
setum  americanum  (L.),  which  were 
grown  in  isolation  three  to  five  gen- 
erations at  Tifton. 

Among  manv  factors  that  can  con- 
tribute to  gene  loss  and  gene  shift  are 
gene  frequency,  gene  dominance,  an- 
thesis  (flowering  date),  percentage 
of  natural  selfing.  pollen  movement, 
wind  direction  and  velocity  during 
flowering,  size  of  the  population 
grown,  and  seed  yield. 

From  studies  beginning  in  1961 
with  a  pool  of  equal  quantities  of 
seeds  of  47  elite  Tifton  inbreds  and 
78  introductions,  Dr.  Burton  con- 
cludes that  growing  germ  plasm 
pools  in  an  environment  with  short 
days  and  temperatures  approaching 
40°  C  will  make  most  plants  flower 
at  about  the  same  time.  These  condi- 
tions will  also  facilitate  intermating 
and  reduce  gene  loss. 

Other  methods  to  reduce  gene  loss 
are  pooling  fewer  lines:  selecting 
plants  to  advance  the  population  as 
if  thev  were  self-pollinated:  and.  par- 
ticularlv  important,  preparing  pools 
from  equal  numbers  of  live  seeds 
from  each  selected  plant. 

"Because  of  the  uncertainty  of 
pollen  movement,  the  plant  breeder 
should  select  within  a  germ  plasm 
pool  females  carrying  desirable  iden- 
tifiable genes."  said  Dr.  Burton.  "In 
pool  E,  the  fifth  of  our  germ  plasm 
pools  at  Tifton,  dominant  red  and 
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while  others  ivill  be  used  to  increase 
another  generation  for  breeding  re- 
search (0975X1921-13). 


purple  genes  could  have  been  pre- 
served in  this  way.  The  five  recessive 
chlorophyll  deficient  genes — cd  s — 
that  were  lost  could  not  have  been 
identified.  Suppose  that  these  five 
cd's  had  been  genes  for  resistance  to 
some  new  pest  that  will  appear  in  the 
future.  They  would  have  been  lost 
and  future  generations  would  have 
been  poorer  because  of  it." 

The  formula  for  100-year-old  mil- 
let seeds?  From  several  ecotypes — 
tvpes  which  survive  as  a  distinct 
group  through  environmental  selec- 
tion and  isolation — seeds  are  dried 
down  to  5  to  7  percent  moisture  con- 
tent in  a  forced-air  oven  at  40°  C  for 
24  hours.  They  are  then  packed  in 
many  small,  airtight,  moisture-proof 
containers  for  easy  distribution,  sam- 
pling, and  storage  at  more  —  18°  C: 
providing  germ  plasm  for  breeders 
of  food  and  forage  for  a  centennial 
year  to  come.  fj 

Gallon  cans  containing  mixtures  of 
equal  quantities  of  S—l  pearl  millet 
seeds  from  430  introductions  are 
kept  in  cold  storage  by  Dr.  Bur- 
ton for  release  to  plant  breeders 
(0975X1919-34). 


Dixie  chicks  eat  more 


Which  consume  more  feed? 
Chickens  or  hogs? 
According  to  figures  compiled  in  a 
study  of  animal  numbers  and  feed  re- 
quirements projected  to  1985,  the 
South  s  poultry  population  will  out-eat 
the  hog  family  by  53  percent  to  the 
hog's  16  percent.  This  margin  is  based 
on  a  projected  53.5  million  tons  of  feed 
concentrate,  equivalent  to  corn  in  feed- 
ing value.  Feed  concentrates  contain 
large  amounts  of  energy  in  relation  to 
bulk. 

Except  for  dairy  cows,  11  States 
below  the  Mason-Dixon  Line  have 
experienced  faster  growth  in  animal 
numbers  than  the  rest  of  the  United 

States. 

By  1985,  says  ARS  agricultural  econ- 
omist \vonne  Davies  at  the  Russell 
Research  Center.  Athens,  Ga.,  the  South 
will  have  3.5  billion  broilers.  190  mil- 
lion layers.  288  million  layer  replace- 


ments— pullets  up  to  20  weeks  old — and 
70  million  turkeys.  There  will  be  20  mil- 
lion hogs,  4  million  "fed"  cattle,  and  2 
million  dairy  cattle. 

Poultry,  still  the  shopper's  all-occa- 
sion favorite,  will  consume  the  most 
with  53  percent.  Cattle  fattened  to 
provide  beef  ranging  from  U.S. 
Choice  sirloins  to  ground  chuck  will 
rank  second,  consuming  26  percent 
of  the  South's  total  feed  requirements. 
Hogs  rank  third  with  16  percent 
of  the  feed.  Grade  A  milk  will  come 
from  dairy  cattle  which  consume, 
comparatively,  the  least — a  surprising 
6  percent. 

But  in  Arkansas  alone,  feed  con- 
centrate needs  will  be  almost  strictly 
for  the  birds — poultry  feed  require- 
ments will  account  for  95  percent  of 
the  estimated  6.2  million  tons  re- 
quired for  the  animal  classes  included 
in  economist  Davies'  study. 


Too  much  pollutes 


FERTILIZER  nitrogen  in  excess  of  crop 
use  can  move  below  the  root  zone 
as  a  potential  source  of  nitrate  pol- 
lution of  ground  water.  But  the  pol- 
lution potential  may  be  minimal  if 
nitrogen  application  is  in  balance 
with  removal  by  crops. 

Earlier  laboratory  and  field  studies 
strongly  suggested  the  hazard  of 
ground  water  pollution  with  excessive 
nitrogen  fertilization.  Iowa  research 
now  documents  the  hazard. 

Nitrate-nitrogen  in  the  soil  profile 
below  the  root  zone  increased  almost 
four-fold  in  3  years  with  nitrogen 
applications  at  2V-2  times  the  recom- 
mended rate  for  corn. 

At  the  recommended  rate,  150  in- 
stead of  400  pounds  of  nitrogen  per 
acre,  ARS  scientists  detected  no  in- 
crease in  nitrate  below  the  root  zone. 

The  scientists  made  the  compari- 
sons near  Treynor,  Iowa,  on  adjacent 
watersheds   contour-planted   to  corn. 


They  took  sets  of  continuous  soil 
cores  to  20-foot  depth  at  least  an- 
nually on  both  watersheds  to  monitor 
changes  in  soil  nitrate  levels  to 
ground  water. 

At  the  high  fertilization  rate,  641 
pounds  of  nitrate-nitrogen  per  acre 
moved  below  the  root  zone  during 
the  study.  The  third  year,  an  increase 
from  3.7  to  12.9  parts  per  million 
nitrate  concentration  in  the  soil  near 
the  water  table  indicated  that  fertilizer 
nitrogen  was  reaching  the  saturated 
soil  zone  that  serves  as  ground  water 
and  moves  laterally  as  surface  flow. 

ARS  soil  scientists  Gerald  E. 
Shuman  and  microbiologist  Thomas 
M.  McCalla  at  Lincoln,  Nebr.,  hydrau- 
lic engineer  Keith  E.  Saxton  at  Co- 
lumbia. Mo.,  and  technician  Howard 
T.  Knox  at  Council  Bluffs,  Iowa,  con- 
ducted the  study  in  cooperation  with 
the  Nebraska  and  Iowa  Agricultural 
Experiment  Stations. 


Mr.  Puttier  uses  an  aspirator  to  collect  the 

beneficial  parasite  Campoletis  sonorensis  

a  parasite  that  attacks  the  soybean  pod- 
worm.  The  biology  and  behavior  of  this 
parasite  is  being  studied  to  increase  its 
potential  usefulness  as  a  biological  control 
agent  (0975X1779-31). 


Researchers  use  several  methods  to  determine  insect  populations  in  test  fields.  The  aim 
of  the  research  is  to  predict  the  level  of  parasitism,  at  any  stage  of  soybean  growth,  at 
least  1  week  before  the  attack  occurs  naturally.  These  predictions  are  based  on  trapping 
records.  Mr.  Schmidt  collects  a  sample  from  a  rotary  trap,  only  one  of  the  trapping  tech- 
niques used  (0975X1780-25 A). 


Defending  soybeans,  laturally 


The  naturally  occurring  fungus  Nomuraea  rileyi  at- 
tacks several  different  species  of  larval  soybean  pests. 
The  soybean  podworm,  green  clover  worm,  cabbage 
looper,  and  soybean  looper  are  equally  susceptible  to 
this  fungus,  as  is  evidenced  by  these  dead  larvae 
(0975X1787-20). 


A team  of  scientists  is  directing  its 
research  toward  preventing  a 
potential  problem :  greatly  reduced  soy- 
bean yields  due  to  attack  by  insects. 
They're  exploring  the  intricacies  of  na- 
ture to  learn  how  they  can  work  with 
it. 

The  studies  encompass  a  host  of  in- 
sect pests'  natural  enemies  such  as  para- 
sites, predators,  and  pathogens.  "By 
developing  and  managing  the  effects  of 
these  biological  control  agents,  we  hope 
to  relieve  farmers  of  complete  depend- 
ence on  chemical  insecticides  that  are 
toxic,  harmful  to  the  environment,  and 
even  ineffective  as  insecticide-resistant 
races  of  insects  develop,"  says  entomo- 


logist Carlo  M.  Ignoffo,  leader  of  the 
Biological  Control  of  Insects  Research 
Unit,  Columbia,  Mo. 

Scientists  have  completed  3  years  of 
field  studies  and  are  now  putting  their 
findings  together  in  a  program  to  de- 
velop a  management  system  for  control- 
ling soybean  insects.  They  are  design- 
ing the  program  for  ready  adaption  to 
soybean  ecosystems  wherever  and 
whenever  insect  infestations  may  de- 
velop. 

Presently,  in  Missouri  and  much  of 
the  Midwest  where  agricultural  pesti- 
cides are  used  with  moderation,  nat- 
urally occurring  parasites,  predators, 
and  insect  diseases  usually  hold  soy- 


bean pests  in  check,  says  Dr.  Ignoffo. 

Defoliating  and  Losses.  Soybean 
growers  often  could  be  spared  expenses 
if  they  knew  how  much  damage  it  took 
to  reduce  soybean  yields  to  the  level  that 
equals  the  cost  of  applying  insecticides. 
In  studies  to  arrive  at  this  economic 
threshold,  entomologist  Gustave  D. 
Thomas  found  that  leaf-chewing  cater- 
pillars such  as  green  cloverforms,  vel- 
vetbean  caterpillars,  and  loopers  can  de- 
foliate soybeans  by  as  much  as  40  per- 
cent early  in  the  season  without  decreas- 
ing yields  by  even  y2  bushel  per  acre. 
If  this  level  of  defoliation  occurs  later, 
when  pods  are  beginning  to  fill,  yields 
may  decline  by  more  than  15  percent. 
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The  soybean  podworm,  also  known  as 
corn  earworm  and  cotton  bollworm, 
chews  on  the  soybean  pods.  Entomolo- 
gist K.  Duane  Biever  found  these  pests 
can  damage  10  percent  of  the  develop- 
ing pods  without  reducing  yields  be- 
cause the  undamaged  beans  grow  to 
larger-than-normal  size.  He  estimated 
that  40,000  podworms  per  acre  (about 
3  worms  per  foot  of  row)  will  reduce 
yields  by  less  than  2  percent. 

Dr.  Biever  also  is  looking  to  insect 
growth  regulators  (IGR)  as  another 
means  to  control  podworms  and  other 
soybean  pests.  He  and  his  coworkers 
applied  an  experimental  IGR  to  caged 
plots  of  soybeans  to  inhibit  develop- 

DECEMBER  1975 


ment  of  soybean  podworms.  Pod  dam- 
age in  the  treated  plots  was  65  percent 
less  than  damage  in  control  plots. 

Integrating  Pest  Controls.  Ento- 
mologist Norman  L.  Marston  treated  a 
field  with  ethyl  parathion  to  evaluate 
the  effect  of  insecticide  applications 
on  pests  and  beneficial  insects.  It 
greatly  reduced  populations  of  para- 
sites and  predators  for  several  weeks, 
allowing  numbers  of  defoliating  cater- 
pillars to  increase  by  three-fold  above 
those  in  untreated  fields  nearby. 

Other  chemicals,  such  as  the  herbi- 
cide 2,4-DB,  may  be  relatively  harm- 
less to  beneficial  insects  in  the  soy- 
bean ecosystem.  In  laboratory  studies 


with  this  herbicide  and  other  chemi- 
cal and  biological  insecticides,  ento- 
mologist Jack  D.  Wilkinson  and  his 
colleagues  found  malathion,  carbaryl, 
and  toxaphene  can  be  useful  in  in- 
tegrated control  programs.  The  in- 
secticides, applied  in  less  than  cur- 
rently recommended  field  dosages, 
could  curb  rapidly  increasing  popula- 
tions of  certain  insects  without 
eliminating  their  natural  enemies. 

Microbial  insecticides  may  also  play 
an  important  role  in  pest  control. 
The  research  team  observed  low  mor- 
tality among  beneficial  insects  that 
had  been  exposed  to  the  Heliothis 
nuclear  polyhedrosis  virus  (NPV)  or 


Dr.  Ignoffo  examines  soybeans  de- 
foliated by  the  soybean  podworm.  The 
same  insect  is  also  destructive  to  cot- 
ton and  corn.  ARS  entomologists  are 
evaluating  the  effectiveness  of  the 
virus  Heliothis  nuclear  polyhedrosis 
against  the  soybean  pod  worm.  It  is 
the  first  virus  to  be  commercially 
registered  as  a  biological  control  agent 
against  the  pest  (0975X1784-16). 
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Scientists  are  evaluating  the 
effectiveness  of  the  beneficial 
predator  Podisus — here  at- 
tacking a  cabbage  looper 
larva.  Podisus  also  attacks 
the  soybean  podworm,  the 
green  clover  worm,  and  the 
soybean  looper  (0975X 
1785-16). 


the  bacterium,  Bacillus  thuringiensis 
(BT). 

Using  Living  Insecticides.  In  the 

1960's  Dr.  Ignoffo's  research  with 
ARS  and  industry  brought  about 
technology  for  mass  producing  the 
Heliothis  virus.  This  first  viral  in- 
secticide was  proven  safe  for  field 
use  in  cotton  and  may  become  avail- 
able to  farmers  in  1976.  In  initial 
field-cage  studies,  this  same  virus  has 
effectively  controlled  Heliothis  insects 
attacking  soybeans. 

BT  is  currently  registered  for  con- 
trol of  cabbage  loopers  and  several 
other  pests  of  vegetable  and  row  crops 
and  is  effective  in  various  degrees 
against  most  of  the  caterpillars  that 
attack  soybeans. 

Applying  either  BT  or  Heliothis 
NPV  with  conventional  spray  equip- 
ment, entomologist  Donald  L.  Hostet- 
ter  and  agricultural  engineer  David  B. 
Smith  demonstrated  that  microbial  in- 
secticides are  not  affected  adversely  as 
the  spray  passes  through  tank  agita- 
tors or  nozzles. 

"We're  currently  seeking  ways  to 
disperse  these  living  insecticides 
thoroughly,  quickly,  and  uniformly 
and  to  do  this  we  may  have  to  design 
new  equipment,"  says  Dr.  Smith.  The 
researchers  are  studying  new  formu- 
lations of  microbial  insecticides  that 
include   feeding   stimulants,  sunlight 


protectants,  and  humectants  and  are 
determining  what  effects  these  have  on 
coverage. 

Combating  Green  Cloverworms. 
Another  microbial  organism  that  one 
day  may  be  used  as  an  insecticide 
is  the  fungus  N ormuraea  rileyi.  In 
nature,  this  fungus  plays  an  impor- 
tant role  in  reducing  populations  of 
green  cloverworms,  but  generally  it 
develops  too  late  to  prevent  reduc- 
tions in  soybean  yields.  Scientists  are 
evaluating  this  fungus  for  applica- 
tions as  a  microbial  insecticide  or  as 
a  preventive  measure  that  could  be 
used  each  year  before  the  insect 
problem  develops. 

The  fungus  also  gets  considerable 
help  from  parasites.  Entomologist 
Benjamin  Puttier  has  discovered  that 
at  least  a  dozen  species  suppress  the 
green  cloverworm  in  soybeans  before 
the  crop  is  in  its  critical  growth 
stages.  "We  hope  to  build  into  our 
program,  methods  to  predict  numbers 
of  caterpillar  pests  and  abundance  of 
their  natural  enemies  at  least  1  week 
before  any  soybean  growth  stage," 
says  Mr.  Puttier. 

Predators  also  exact  major  tolls  on 
green  cloverworms.  Three  predators 
discovered  in  Missouri  soybeans  ac- 
count for  more  than  90  percent  of  the 
total  predation,  says  Dr.  Marston.  He 
is  assessing  possible  uses  of  attractants 
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and  food  supplements  to  increase  popu- 
lations of  beneficial  insects  in  soybean 
fields. 

Feeding  the  Systems.  Most  of  the 
studies  that  the  researchers  conduct  are 
dependent  on  laboratory-reared  insects. 
Field  studies  often  require  enormous 
numbers  of  insects,  notes  Dr.  Ignoffo. 
To  meet  these  needs,  eight  species  of 
soybean  pests  are  kept  in  culture  con- 
tinually. 

Entomologist  Willard  A.  Dickerson 
manages  the  insect-rearing  facility  and 
conducts  research  on  nutritional  needs 
of  harmful  insects.  These  studies  may 
prove  helpful  in  a  search  that  is  under- 
way for  new  insect-resistant  strains  of 
soybeans. 

For  some  studies,  harmful  insects  and 
their  parasites  must  be  reared  concur- 
rently. Entomolgist  J.  David  Hoffman 
and  his  colleagues  are  developing  a 
more  efficient  procedure  for  rearing  tiny 
parasitic  Tricho gramma  wasps  which 
in  nature  deposit  their  own  eggs  into 
eggs  of  sovbean  pests. 

An  acceptable  substitute  for  host  eggs 
could  reduce  rearing  costs  enough  to 
permit  widespread  use  of  the  beneficial 
insect. 

Improving  Parasites'  Environ- 
ment. In  other  studies,  entomologist 
Gerald  T.  Schmidt  is  studying  the  ef- 
fects of  light,  odor,  and  other  factors 
upon  the  behavior  of  insect  parasites 


such  as  the  Campoletis  sonorensis, 
which  attacks  soybean  podworms.  This 
research,  hopefully,  will  help  increase 
the  parasite's  effectiveness. 

W  ith  scientists  of  many  disciplines 
who  work  outside  the  laboratory,  the 
entomological  research  team  is  evaluat- 
ing effects  of  agronomic  practices  on 
beneficial  and  pest  insects  in  soybeans. 
This  research  is  conducted  on  a  100- 
acre  farm  with  conventional  farm 
equipment.  The  plots  in  the  joint  ARS- 
University  of  Missouri  project  are  man- 
aged with  variations  in  planting  dates, 
tillage,  herbicide  treatments,  row  spac- 
ings,  and  crop  rotations. 

Through  numerous  field  experiments, 
the  ARS  scientists  have  demonstrated 


that  natural  agents  effectively  suppress 
insect  pests  in  the  balanced  Missouri 
soybean  ecosystem — even  though  these 
pests  are  present  every  year.  If  damag- 
ing insect  populations  do  develop,  hope- 
fully the  researchers  will  have  already 
learned  how  to  predict  the  problem  and 
will  have  developed  selective  control 
measures. 

"We  want  to  develop  controls  that 
are  compatible  with  beneficial  insects 
and  diseases  and  that  don't  hamper 
progress  of  future  agricultural  technol- 
ogy," says  Dr.  Ignoffo.  "If  we  judi- 
ciously select  our  insect  control  agents 
and  use  them  properly,  we  may  never 
experience  the  problems  that  have  de- 
veloped in  other  crop  ecosystems."  Q 


Top:  Researchers  infest  a  test  soybean  field 
with,  insect  larvae  to  evaluate  the  effective- 
ness of  a  naturally-occurring  fungus, 
Nomuraea  rileyi  (0975X1784-29).  Left:  To 
relate  yield  loss  to  defoliation  by  insects,Jhe 
total  leaf  surface  must  be  known.  Until 
recently,  this  required  painstaking,  mathe- 
matical computations.  Noiv,  the  newly- 
developed  "leaf  meter"  makes  these  deter- 
minations. Dr.  Thomas  feeds  in  a  leaf  as  one 
just  metered  drops  out  of  the  apparatus' 
rear  {0975X1777-11). 
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Mrs.  Jackson,  of  the  Plant  Physiology  Institute,  Beltsville, 
Md.,  employs  flameless  atomic  absorption — one  of  the  tech- 
niques that  Yugoslav  scientists  have  improved  for  the  ac- 


curate measurement  of  mercury.  The  technique  holds  promise 
for  tracing  the  movement  of  mercury  in  the  biosphere 
(0875X1196-21  A). 


Tracing  mercury  in  a  biosphere 


IT  is  one  task  to  sample  Lake  Erie 
for  mercury  and  quite  another 
to  analyze  the  biosphere  in  a  300- 
square-mile  area  where  mercury  has 
been  mined  and  processed  for  nearly 
five  centuries. 

This  has  been  achieved  by  Yugo- 
slav scientists  at  Idrija,  one  of  Eu- 
rope's important  mercury  mining 
areas.  A  few  earlier  investigations  of 
the  distribution  and  uptake  of  mer- 
cury (Hg)  had  been  prompted  by 
the  outbreak  of  methyl  mercury 
(MeHg)  poisoning  in  Japan  in  the 
fifties  and  sixties.  Scandinavian 
scientists  had  studied  the  environ- 
mental consequences  of  mercury- 
containing  pesticides  and  of  indus- 
trial discharges  from  chloralkali  and 
paper  industries.  The  belated  discov- 
ery of  relatively  high  levels  of  mer- 
cury contamination  in  North  Amer- 
ica in  1970  heightened  concern  to 
know  more  about  the  biological  im- 


pact of  this  element,  which  has  ver- 
satile uses  in  agriculture,  industry, 
transportation,  and  research. 

Chemist  Patricia  C.  Jackson,  ARS- 
cooperating  scientist,  says,  "The  ex- 
treme toxicity  of  methyl  mercury 
compared  to  inorganic  mercury  and 
the  capacity  of  some  organisms  to 
convert  inorganic  mercury  to 
methyl  mercury  is  a  principal  rea- 
son why  this  work  was  undertaken. 

"Idrija,  in  the  Slovenian  Repub- 
lic, provided  a  unique  opportunity 
to  study  the  cycle  of  mercury  and  its 
effect  on  life  forms  because  of  the 
long  history  of  mercury  discharge, 
the  nature  of  the  environment,  the 
low  population  mobility,  and  the 
reliance  on  local  food  supplies." 

The  project's  value,  Mrs.  Jackson 
adds,  is  particularly  enhanced  by 
the  improved  techniques  the  Yugo- 
slavs developed  for  accurate  meas- 
urement of  total  Hg  by  neutron  acti- 


vation analysis  and  flameless  atomic 
absorption.  Another  very  significant 
contribution  was  the  development  of 
a  new,  simple,  precise  method  of 
MeHg  analysis  of  biological  tissue. 
The  new  method  is  a  considerable 
improvement  over  previous  methods 
and  will  have  worldwide  application 
in  view  of  the  toxicity  of  MeHg  and 
its  wide  occurrence  in  fish  and  ani- 
mals consumed  by  man. 

The  Yugoslav  samplings  included 
air,  soil,  water,  and  tissues  from 
humans,  fish,  and  plants.  Mrs.  Jack- 
son reports  that  this  work  appears 
to  be  the  first  observation  of  MeHg 
in  plants.  This  indicates  another 
dimension  to  the  concentration  of 
Hg  in  the  food  chain. 

Results  of  the  Yugoslav  studies 
show  that  Hg  levels  of  most  plants 
were  variable,  but  quite  low — 1  to 
50  parts  per  billion  (ppb)  compared 
to  the  Hg  content  of  soils  in  which 
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they  grew — 100  to  600  thousand 
ppb.  Carrots,  grasses,  and  some 
weeds  were  found  to  have  more 
Hg  generally  than  other  plants — as 
much  as  800  ppb  fresh  weight. 

Broadleaf  plants  exposed  to  high 
levels  of  aerial  Hg  contained  more 
Hg  than  narrow-leaved  plants.  Cer- 
tain species  of  mushroom  contained 
more  Hg  than  vascular  plants  and 
more  than  the  soil  in  which  they 
grew.  Moreover,  some  of  the  Hg  in 
mushrooms  was  in  the  form  of 
MeHg.  which  was  not  found  in  vas- 
cular plants. 

The  Hg  level  was  high  in  fish  and 
amphibians,  most  of  it  occurring  in 
the  methyl  form.  Hg  levels  in  the 
fast  flowing  Idrijca  River  were  negli- 
gible (0.1  to  0.3  ppb)  except  for 
waste  water  from  Hg  processing 
(15-4.700  ppb).  For  comparison, 
the  U.S.  Public  Health  standard  of 
maximum  level  for  drinking  water 
is  5  ppb. 

Air  samples  ranged  from  2.5 
nanograms  (ng)  per  cubic  meter 
(m3)  in  a  residential  area  23  miles 
from  Idrija  to  579  ng/m3  in  the  town 
center  of  Idrija.  A  nanogram  is  one 
billionth  of  a  gram.  A  cubic  meter  is 
1.308  cubic  yards. 

Studies  of  Hg  distribution  in  peo- 
ple exposed  to  high  Hg  levels  re- 
vealed very  high  concentrations  in 
thyroid  and  pituitary  glands  and  in 
brain,  liver,  and  kidney.  Mrs.  Jack- 
son says,  "The  high  levels  of  mer- 
cury found  in  the  thyroid  and  pitui- 
tary glands  are  new  findings  insofar 
as  I  am  aware.  Also,  appreciable 
portions  of  the  mercury  in  humans — 
10  to  80  percent — occurred  in  the 
form  of  methyl  mercury,  an  im- 
portant finding  in  vieW  of  the  fact 
these  people  were  exposed  to  inor- 
ganic mercury.  These  findings  could 
bear  on  the  nature  of  toxicological 
effects  of  mercury." 

This  project  was  conducted  under 
the  provisions  of  Public  Law  480 
and  was  directed  by  Dr.  Lado  Kosta, 
Institute  of  Jozef  Stefan,  Ljubljana, 
Yugoslavia.   


When  soil  water  matters ... 


SNOW  is  often  regarded  as  a  nuisance. 
It  can  make  travel  difficult  and 
often  dangerous  and  is  hard  on  live- 
stock. Melting  snow  can  cause  flooding 
and  soil  erosion. 

But  snow  has  its  good  points.  It  is 
a  valuable  resource  for  Great  Plains 
agriculture.  Improved  management 
can  make  it  even  more  valuable. 

ARS  scientists  have  proved  that 
level  benches  constructed  on  hillsides 
can  hold  and  store  water  from  both 
snow  melt  and  torrential  rains  for  crop 
production.  Level  benches  have  much 
wider  channels  than  conventional  ter- 
races to  provide  more  uniform  distribu- 
tion of  collected  water.  These  benches 
are  nearly  level  in  all  directions,  and 
are  diked  at  their  ends  and  downhill 
sides  to  hold  more  water. 

In  ARS  studies  in  northeastern 
Wyoming,  level  benches  absorbed 
about  three  times  more  water  in  the 
top  6  feet  of  soil  during  the  winter 
than  did  surrounding  areas.  During 
two  winters,  the  average  yearly  soil 
water  increased  about  6  inches  each 
on  13-  and  27-foot  wide  benches  com- 
pared to  about  2  inches  on  the  natu- 
ral terrain,  which  benefited  less  from 
the  snow  melt. 

The  extra  water  increased  forage 
production  on  the  level  benches.  Four 
years  of  testing  have  shown  that  13- 
foot  wide  benches  produced,  on  a 
yearly  average,  13  percent  more  for- 
age than  conventional  land  areas.  The 
27-foot  wide  benches  produced  15 
percent  more. 

Soil  scientist  Frank  Rauzi.  says. 
"We  purposely  constructed  the 
benches  so  they  would  be  exposed 
parallel  to  the  prevailing  winds.  Our 
studies  have  shown  that  even  this  way 
snow  is  trapped  and  provides  more 
moisture  for  forage.  If  they  are 
placed  perpendicular  to  prevailing 
winds,  even  more  moisture  would  be 
trapped." 

The  27-foot-wide  benches  were  con- 


structed on  lower  slopes  with 
gradients  of  1  to  6  percent,  while 
the  13-foot-wide  benches  were  on  the 
steeper  slopes  with  gradients  of  6  to 
15  percent. 

For  comparison,  duplicate  benches 
and  check  areas  of  natural  terrain 
were  each  planted  with  Ladak  alfalfa, 
Nordan  crested  wheatgrass,  inter- 
mediate wheatgrass,  a  mixture  of 
Ladak  alfalfa  and  Nordan  crested 
wheatgrass,  and  Ladak  alfalfa  plus 
intermediate  wheatgrass.  Alfalfa  and 
intermediate  wheatgrass  were  planted 
on  the  dikes  as  a  vegetative  barrier 
to  trap  more  snow. 

Mr.  Rauzi  applied  120  pounds  of 
phosphorous  per  acre  before  seeding 
in  May  1970.  In  addition,  all  benches 
and  check  areas  except  those  seeded 
to  only  alfalfa  received  80  pounds  of 
nitrogen  (N)  per  acre  in  May  1971. 
In  April  1974,  he  applied  an  addi- 
tional 40  pounds  of  N  per  acre. 

Both  grass-alfalfa  mixtures  pro- 
duced good  overall  yields,  indicating 
that  they  are  compatible.  Because 
wheatgrass  is  shallow  rooted,  it  uses 
water  from  only  the  top  1  to  2  feet 
of  soil.  Since  alfalfa  has  a  tap  root, 
it  makes  use  of  deeper  soil  water. 

The  studies  also  showed  that 
neither  crested  nor  intermediate 
wheatgrass  grown  alone  on  the  benches 
benefited  from  the  extra  water  in  the 
soil. 

If  the  benches — which  are  essentially 
permanent  and  readily  amortized — are 
to  be  grazed,  cattle  should  be  kept  off 
the  first  2  or  3  years  to  prevent  damag- 
ing the  newly  constructed  dikes.  Grow- 
ing small  grain  on  the  benches  the  first 
year  would  provide  organic  matter 
and  a  better  seedbed  for  subsequent 
alfalfa  seedlings. 

These  studies  were  conducted  in 
cooperation  with  the  Wyoming  Agri- 
cultural Experiment  Station.  Gillette, 
and  USDA's  Soil  Conservation 
Service.  ~ 
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Cleaning  machine  more  efficient.  June— 11 
Freeze-dried,  store  longer.  May— 8 
Impregnating  with  chemicals.  Sept— 7 
Seed  storage  lab  computerized.  July— 10 
Sterilization  affects  studies.  Feb— 8 
Storing  for  a  century.  Dec— 6 
Selection     index     modified     for     corn  breeding, 
July-16 

Shallow  wells  drain  slow  soils.  Mar— 5 
Sheep : 

Reducing  listeriosis.  Apr— 13 
Shopper's  Guide,  Yearbook  of  Agriculture  Mar— IS 
Sixweeks  fescue,  controlling.  Dec— 5 
Soil: 

As  a  mulch.  Apr— 16 

Conservation  still  needed,  edit.  Apt — 2 
Compacted,  harms  soybean  nodules.  Nov— 15 
Feedlot  effluent,  fertilizing  rates.  Nov— 16 
Level  benches  store  water.  Dec— 13 
Measuring  salinity  of.  Oct— 13 
Nitrogen  on  saline  soils.  Feb— 17 
No-till  system  for  claypan.  July— 14 
Nourishes  pond  algae.  Oct— 11 
Plastic-lined  soil  sampler.  Apr— 12 
Selenium  in  food  chain.  Nov— 6 
Shallow  wells  drain  soils.  Mar— 5 

Soy-fortified  flour,  important  export.  Jan— 5 

Sorghum  : 

Bacterial  sun  spot  disease.  May— 14 
Greenbug-resistant  lines.  Nov— 12 

Soybeans : 

Biocontrol  research  effort.  Dec— 8 
Compacted  soil  harms  nodules.  Nov— 15 
Herbicides  reduce  weeds.  Api — 15 
Improving  soy  protein  flavor.  Sept— 15 
Metribuzin  sensitivity.  Nov— 15 
Pollination  by  bees.  May— 11 
Reducing  harvesting  losses.  Feb— 3 
Solid  seeding.  Oct— 9 

Wasp  attacks  Mexican  bean  beetle.  Api — 3 
Snowmelt,  better  forecasting  of.  Sept— 8 
Spurred  anoda,  bio-control  of.  Aug— 15 
Stalk  rot  of  corn  reduced.  May— 14 

Starch    product  super  slurpei— —  absorbs  water. 

June— 7 

Straw  as  feed  for  cattle,  sheep.  July— 8 
Sugar  : 

Bread  formula  without.  Apr— 8 

Herbicides  increase  production.  Feb— 19 
Sugarbeets : 

Full-season  weed  control.  Sept— 16 

Resistance  to  Rhizoctonia  root  rot.  July— 15 
Sugarcane : 

Bacterial  sun  spot  disease.  May— 14 

New  fungicide  for.  May— 7 

Parasite  attacks  sugarcane  borer.  Aug— 3 

Photoperiod  research.  June— 6 


Sunflowers : 

Adaptable  to  Texas.  May— 5 
Super  slurper,  potent  water-absorber.  June— 7 
Swine  : 

Diagnosing  HEV.  Feb-20 

Monitors  for  influenza-like  illnesses.  July— 6 
Nutrition  levels  in  sows.  May— 7 
Prevention  of  TGE.  Mai — 11 
Sows  spread  TGE.  Oct— 10 

Techniques,  laboratory: 

Chambers  speed  genetic  research.  May— 6 
Decontamination  in  labs.  Jan— 16 
Dehydrating  microscope  samples.  Api — 15 
Diagnosing  HEV  in  swine.  Feb— 20 
New  textile  analytical  technique.  Aug— 16 
Radioactive  isotopes  in  research,  edit.  Aug— 2 
Sterilization  affects  seed  studies.  Feb— 8 

Textiles : 

Dyeing  cottons  on  two  sides.  Mar— 14 
Flame  retardant  cotton/polyesters.  July— 14 
New  analytical  technique.  Aug— 16 
Wool-synthetics  also  eaten  by  beetles.  July— 13 

Tobacco,  improved  wholesaling  of.  Aug— 14 

Tomatoes  : 

Cleaning  with  less  water.  Feb— 16 

Trace  elements,  probing  the  role  of.  Aug— 7 

Transmissible      gastroenteritis,      prevention  of. 
Mar-11 

Turf  clippings,  dehydrating  for  feed.  June— 10 
Turf  damage  by  nematodes.  Oct— 8 

Utilization  : 

Bioregulators  for  citrus.  Jan— 6 

Caustic  peeling  of  potatoes.  June— 14 

Cleaning  tomatoes  with  less  water.  Feb— 15 

Dehydrating  turf  clippings.  June— 10 

Flame  retardant  cotton/polyesters.  July— 14 

Halting  fruit  ripening.  Mai — 6 

Jute  sacks,  odors  in.  Oct— 12 

Longer  life  for  stored  seeds.  May— 8 

Mechanized  chicken  coop  handling.  Feb— 7 

Removing  heavy  metals  from  waste.  July— 7 

Seed  cleaning  machine.  June— 11 

Straw  as  animal  feed.  July— 8 

Soy  protein  flavor,  improving.  Sept— 15 

Sugarless  bread  formula.  Apr— 8 

Super  slurper,  potent  water-absorber.  June— 7 

Xanthan  gum  strengthens  doughs.  Dec— 3 

Vaccines  : 

Pinkeye  disease  in  cattle.  Jan— 3 
Vegetables  : 

Caustic  peeling  of  potatoes.  June— 14 

Family  gardens,  edit.  Jan— 2 

Fusarium  rot  of  potatoes.  Apr— 5 

Mechanical  harvesting  of  in  Michigan.  Jan— 7 

Potato  shipping  studies.  Jan— 15 

Root-rot  of;  correction.  Feb— 19 


Shallow  wells  drain  slow  soils.  Mar— 5 
Weaning  fall  calves  earlier.  Feb— 15 

Weeds : 

Johnsongrass,  drowning  of.  Feb— 18 
Purple  nutsedge,  biocontrol  of.  July— 3 
Silverleaf  nightshade,  biocontrol  of.  May— 16 
Sixweeks  fescue,  control  of.  Dec— 5 
Soybean  weeds,  herbicides  reduce.  Apr— 15 
Spurred  anoda,  control  of.  Aug— 15 
Sugarbeets,  full-season  weed  control.  Sept— 16 
Wheat: 

Lancota,  high-protein  variety.  Oct— 5 

Long-haired  wheats  more  resistant.  June— 12 

Resistant  Indian  wheats.  July— 10 

Resistant    to     cereal    leaf    beetle.    Mar— 14, 
June-12 

Resistant  to  rice  weevil.  Apr— 10 
Wide-bed  cotton  culture.  May— 12 
Wildlife: 

Freeze-marking  of.  Feb— 9 
Wind: 

Plant  spacing  prevents  erosion.  May— 15 
Wind-driven   rain   increases  erosion.   Mar— 11 
Wool-synthetic  fabric  attractive  to  beetles.  July— 13 

Xanthan  gum,  strengthens  doughs.  Dec— 3 

Yearbook  of  Agriculture,  Shoppers  Guide.  Mar— 15 


Deficiencies    in    rats    cause    poor  learning. 

Mar-11 
Probing  the  role  of.  Aug— 7 
Zoos,  eliminating  flies  from.  Aug— 11 


Water 


Forecasting  snowmelt.  Sept— 8 
Level  benches  store.  Dec— 13 

Nitrogen     fertilization     and     pollution  of. 
Dec-7 

Reducing  sanitary  landfill  leachates.  Mar— 8 


When  reporting  research  involving 
pesticides,  this  magazine  does  not 
imply  that  pesticide  uses  dis- 
cussed have*been  registered.  Regis- 
tration is  necessary  before  recom- 
mendation. Pesticides  can  be  in- 
jurious to  humans,  domestic  ani- 
mals, desirable  plants,  and  fish  or 


r'HiW 1 

PKOTECTl 

Mi 


FOLLOW  THE  LABGi. 


)ther  wildlife — if 
not  handled  or 
applied  proper- 
ly. Use  all  pesti- 
cides selectively 
and  carefully. 


16 


AGRICULTURAL  RESEARCH 


